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(54) Washing solution of semiconductor substrate and washing method using the same 



(57) Disclosed is a washing solution of a semicon- 
ductor substrate which comprises 0.0001 to 0.1 % by 
weight of an organic acid and 0.005 to 0.25 % by weight 
of hydrofluoric acid and has pH of 2 to 4. When a con- 
taminated substrate is immersed in a washing solution, 
a naturally oxidized film on the surface of the substrate 
is removed by hydrofluoric acid, and fine particles on 
the film, metal impurities and metal impurities in the film 
transfer to the liquid. Since the washing solution is an 
acidic solution containing an organic acid and having 
pH of 2 to 4, fine particles are charged to minus as 
those of the fine particles, and the metal impurities ions 
in the liquid becomes minus complex ions due to com- 
plexing effect of the organic acid. As the results, surface 
potentials of the respective fine particles and metal 
impurities are each minus which is the same as that of 
surface potential of the substrate so that adhesion or re- 
adhesion to the substrate can be prevented. 
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Description 

BACKGROUND OF THE INVENTION 

5 1. FIELD OF THE INVENTION 

This invention relates to a washing solution for washing the surface of a semiconductor substrate such as a silicon 
wafer and a washing method using the same. 

w 2. DESCRIPTION OF THE RELATED ART 

On the surface of this kind of a semiconductor substrate, metal impurities or fine particles having a particle size of 
1 jim or less are attached during the preparation process. Accompanying with high accumulation and high functionali- 
zation of a semiconductor device, it is more and more desired not to contaminated the surface of the semiconductor 

is substrate by these metal impurities or fine particles, etc. Thus, washing technique of a semiconductor substrate is par- 
ticularly important in the techniques of whole semiconductor devices. 

As the conventional washing method of a semiconductor substrate, there has been known an RCA washing 
method using an SC1 solution comprising hydrogen peroxide and ammonium hydroxide, and an SC2 solution compris- 
ing hydrogen peroxide and a diluted hydrochloric acid. In the RCA washing method, a semiconductor substrate is firstly 

20 immersed in the SC1 solution to remove fine particles and organic residue from the substrate by the oxidizing and alka- 
line properties of the solution. That is, in the SC1 solution, both reactions of oxidization and reduction are simultane- 
ously carried out, and reduction due to ammonia and oxidization due to hydrogen peroxide occur in the same bath 
competitively, and simultaneously, fine particles are removed from the substrate surface by lifting off due to an etching 
effect of the ammonium hydroxide solution. Then, the semiconductor substrate is immersed in an acidic solution of the 

25 SC2 solution to remove alkali ions or metal impurities which are insoluble in the SC1 solution. 

On the other hand, Japanese Laid-Open Patent Application No. 94458/1 995 discloses a washing solution of a sem- 
iconductor substrate which prevents metal impurities in a washing solution from adhering to the substrate surface when 
the semiconductor substrate is washed or prevents metal impurities once removed from the substrate surface from 
adhering to the substrate surface again, and inhibits unnecessary growth of a naturally oxidized film, and a washing 
. 30 method using-the same. This washing solution is constituted by an acidic solution such as hydrofluoric acid containing 
0.0001 to 0.001 % by weight of ammonia or 0.0005 to 0.01 % by weight of ethylenediaminetetraacetic acid (EDTA). In 
this washing solution, pH thereof is maintained to 1 or so in order to remove an oxidized film. According to this washing 
method, when a semiconductor substrate 1 is immersed in a washing solution 5 as shown in Fig. 6, removal of a natu- 
rally oxidized film 2 and removal of metal impurities 4 are simultaneously proceed, and a metal element shifted over to 

35 the washing solution forms a complex, or a metal complex salt 7 whereby it is masked. The surface of the semiconduc- 
tor substrate 1 is charged to minus in the acidic solution while the surface of the metal complex salt 7 is also charged 
to minus by forming a complex ion in the acidic solution so that the metal complex salt, i.e., a metal element is prevented 
from adhering again to the substrate. 

However, in the above-mentioned RCA washing method, metal impurities and fine particles which contaminate the 

40 substrate are removed by two baths so that washing steps are complicated such as washing of a chemical solution and 
washing accompanied thereby. Also, two kinds or more of acid and alkaline solutions are required as chemical solutions 
for washing. According to the above, there are disadvantages that this washing method requires a longer washing time, 
a washing device is a large-sized and a washing cost becomes expensive. 

Also, according to the washing method described in Japanese Laid-Open Patent Application No. 94458/1995, as 

45 shown in Figs. 6(c) and 6(d), the surfaces of fine particles 3 are charged to plus in a washing solution 5 of strong acid 
so that even when metal impurities 4 can be removed from the semiconductor substrate 1 by the reason as mentioned 
above, there is a disadvantage that fine particles 3 are adhered to the surface of the substrate 1 and cannot be 
removed. 

Further, the above-mentioned RCA washing method occurs two reactions of oxidation and reduction in the same 
50 bath competitively. Thus, firstly, metal impurities liberated from the substrate surface is retained in the SC1 solution 
whereby they are sometimes adhered again to the substrate surface depending on the surface potential, and secondly, 
even when a metal complex salt is to be formed by complexing metal ions in the SC1 solution, an organic acid is sub- 
jected to oxidization-reduction treatment in the SC1 solution whereby its complexing effect is markedly lowered. Accord- 
ingly, there is a problem that metal impurities cannot sufficiently be removed by the RCA washing method depending 
55 on the kind of a metal. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a washing solution of a semiconductor substrate for removing well 
both of metal impurities and fine particles adhered to the surface of the semiconductor substrate and a washing method 
5 using the same. 

An invention of Claim 1 relates to a washing solution of a semiconductor device containing 0.0001 to 0.1 % by 
weight of an organic acid and 0.005 to 0.25 % by weight of hydrofluoric acid and having pH of 2 to 4. 

An invention of Claim 2 is an invention relating to Claim 1 and comprises a washing solution wherein the organic 
acid is one or more organic acid selected from the group consisting of citric acid, succinic acid, ethylenediamine- 
10 tetraacetic acid (hereinafter abbreviated to as EDTA), tartaric acid, salicylic acid, oxalic acid, acetic acid and formic acid. 

An invention of Claim 3 relates to a method of washing a semiconductor substrate which comprises washing a sem- 
iconductor substrate with a washing solution containing 0.0001 to 0.1 % by weight of an organic acid and 0.005 to 0.25 
% by weight of hydrofluoric acid and having pH of 2 to 4. 

An invention of Claim 4 is an invention relating to Claim 3 and comprises a washing method wherein the organic 
15 acid is one or more organic acid selected from the group consisting of citric acid, succinic acid, EDTA, tartaric acid, sal- 
icylic acid, oxalic acid, acetic acid and formic acid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a drawing showing a washing mechanism when washing is carried out by using a washing solution accord- 
ing to Claim 1 of the present invention. 

Fig. 2 is a drawing showing another washing mechanism when washing is carried out by using a washing solution 
according to Claim 1 of the present invention. 

Fig. 3 is a drawing showing a washing mechanism when washing is carried out by using a washing solution accord- 
25 ing to Claim 6 of the present invention. 

Fig. 4 is a drawing showing a removing effect of Fe in Example and Comparative example when wavelength of an 
irradiated light is changed. 

Fig. 5 is a drawing showing a metal impurity concentration at a wafer surface after washing in Example 47 and 
Comparative example 7. 

30 Fig. 6 is a drawing showing a washing mechanism when washing is carried out by using the conventional washing 
solution. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 As shown in Figs. 1 (a) and 1 (b), a contaminated semiconductor substrate 1 1 is immersed in a washing solution 1 5. 
A naturally oxidized film 12 formed on the surface of the semiconductor substrate 1 1 is removed by hydrofluoric acid 
(HF) whereby fine particles 13 and metal impurities 14 on the naturally oxidized film 12 as well as metal impurities 14 
contained in the naturally oxidized film are shifted over to the washing solution 15. Since the washing solution 15 is an 
acidic solution having pH of 2 to 4 and containing 0.005 to 0.25 % by weight of hydrofluoric acid and 0.0001 to 0.1 % 

40 by weight of an organic acid, the surfaces of the fine particles 1 3 are charged to minus which is the same as that of the 
surface of the substrate 1 1 . Also, the metal impurities 14 liberated into the solution form a complex with organic acid 
molecules 1 6 to yield metal complex salts 1 7. This complex ion of the metal complex salt 1 7 is a minus ion. As a result, 
both of the surface potentials of the fine particles 13 and the metal impurities 14 become minus which is the same as 
that of the substrate 1 1 whereby adhesion or readhesion to the substrate can be prevented (Fig. 1(c)). When the sem- 

45 iconductor substrate 1 1 is pulled up from the washing solution 1 5 t a substrate 1 1 the surface of which is cleaned can 
be obtained (Fig. 1(d)). 

Also, as shown in Figs. 2(a) to 2(e), even when the washing solution 1 5 is contaminated by metals, when a contam- 
inated semiconductor substrate 1 1 is immersed in the washing solution 15, a naturally oxidized film 12 formed on the 
surface of the semiconductor substrate 1 1 is removed by hydrofluoric acid whereby fine particles 13 and metal impuri- 

50 ties 1 4 on the naturally oxidized film 1 2 as well as metal impurities 1 4 contained in the naturally oxidized film are shifted 
over to the washing solution 15. Here, metals contaminated the washing solution 15 also form a complex with organic 
acid molecules 16 as well as the metal impurities 14 liberated from the substrate in the solution to yield metal complex 
salts 17. Since this complex ion of the metal complex salt 17 is a minus ion, similarly as in Fig. 1, adhesion or re-adhe- 
sion of the fine particles 13 and metal impurities 14 to the substrate can be prevented, and when the semiconductor 

55 'substrate 1 1 is pulled up from the washing solution 15, a substrate 1 1 the surface of which is cleaned can be obtained. 
An invention according to Claim 5 relates to a method of washing a semiconductor substrate which comprises 
washing a semiconductor substrate with a washing solution containing 0.0001 to 0.1 % by weight of an organic acid and 
having pH of 2 to 4 while irradiating light with a wavelength of at least 500 nm. 
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A contaminated semiconductor substrate is immersed in a washing solution and light with a wavelength of at least 
500 nm is irradiated to the surface of the substrate. By immersing the substrate in a washing solution, fine particles and 
metal impurities adhered to the substrate surface shift over to the washing solution. Since the washing solution is an 
acidic solution having pH of 2 to 4 and containing 0.0001 to 0.1 % by weight of an organic acid, the surfaces of the fine 

5 particles are charged to minus which is the same as that of the surface of the substrate. As the results, both of the sur- 
face potentials of the fine particles and the metal impurities become minus which is the same as that of the substrate 
whereby adhesion or re-adhesion to the substrate can be prevented. In case where no light is irradiated to the surface 
of the substrate, metal impurities near to the surface of the substrate cannot be removed any more when the reaction 
in the washing solution reaches to an equilibrium condition. However, when light is irradiated to the substrate surface 

to as in the present invention, this photoirradiation brings minority carrier into existence near to the substrate surface, 
which reduces and dissociates an organic acid in the washing solution to make metal impurities into metal complex 
salts whereby an effect of removing metal impurities near to the substrate surface is enhanced. 

An invention according to Claim 6 relates to a method of washing a semiconductor substrate which comprises 
washing a semiconductor substrate with a washing solution containing 0.0001 to 0.1 % by weight of an organic acid and 

15 0.005 to 0.25 % by weight of hydrofluoric acid and having pH of 2 to 4 while irradiating light with a wavelength of at least 
500 nm. 

As shown in Figs. 3(a) and 3(b), a contaminated semi-conductor substrate 1 1 is immersed in a washing solution 15 
and light 20 with a wavelength of at least 500 nm is irradiated to the surface of the substrate 1 1 . By further containing 
hydrofluoric acid (HF) in the washing solution defined in Claim 5, hydrofluoric acid removes a naturally oxidized film 12 

20 formed on the surface of the semiconductor substrate 1 1 , and fine particles 13 and metal impurities 14 on the naturally 
oxidized film 12 as well as metal impurities 14 contained in the naturally oxidized film are shifted over to the washing 
solution 15. Since the washing solution 15 is an acidic solution having pH of 2 to 4 and containing 0.005 to 0.25 % by 
weight of hydrofluoric acid and 0.0001 to 0.1 % by weight of an organic acid, the surfaces of the fine particles 13 are 
charged to minus which is the same as that of the substrate surface 1 1 . Also, the metal impurities 1 4 liberated into the 

25 solution form a complex with organic acid molecules 16 to yield metal complex salts 17. This complex ion of the metal 
complex salt 1 7 is a minus ion. As a result, both of the surface potentials of the fine particles 1 3 and the metal impurities 
14 become minus which is the same as that of the substrate 1 1 whereby adhesion or re-adhesion to the substrate can 
be prevented (Fig. 3(c)). In case where no light is irradiated to the surface of the substrate, metal impurities near to the 
surface of the substrate cannot be removed any more when the reaction in the washing solution reaches to an equilib- 

30 rium condition. However, when light 20 is irradiated to the substrate surface as in the present invention, this photoirra- 
diation brings r minority carrier into existence near to the substrate surface, which reduces and dissociates an organic 
acid in the washing solution to make metal impurities into metal complex salts whereby an effect of removing metal 
impurities near to the substrate surface is enhanced. When the semiconductor substrate 1 1 is pulled up from the wash- 
ing solution 15, the substrate 1 1 the surface of which is cleaned can be obtained (Fig. 3(d)). 

35 An invention relating to Claim 7 is an invention according to Claim 5 or 6 and relates to a washing method wherein 
the organic acid is one or more organic acid selected from the group consisting of citric acid, succinic acid, EDTA, tar- 
taric acid, salicylic acid, oxalic acid, acetic acid and formic acid. 

The above-mentioned organic acids enumerated has a complexing effect of impurity metal ions which contaminate 
a substrate. 

40 A method of Claim 8 relates to a washing method of a semiconductor substrate which contains a first washing step 
of washing a semiconductor substrate with a mixed solution of an organic acid and hydrofluoric acid with pH of 2 to 4, 
and a second washing step of washing said semiconductor substrate with an oxidizing solution. 

In the first washing step, as in the invention relating to Claim 3 shown in Figs. 1(a) to 1(c), when a naturally oxidized 
film 12 is removed from a contaminated semiconductor substrate 11, fine particles 13 and metal impurities 14 on the 

45 naturally oxidized film 12 as well as metal impurities 14 contained in the naturally oxidized film are shifted over to the 
washing solution 15. As this time, each of the surface potentials of the fine particles 13 and the metal impurities 14 
becomes minus which is the same as that of the substrate 1 1 whereby adhesion or re-adhesion to the substrate can be 
prevented. When the semiconductor substrate 1 1 is pulled up from the washing solution 15, a substrate 1 1 the surface 
of which is cleaned can be obtained. 

so In the second washing step, when the substrate washed in the first washing step is immersed in an oxidizing solu- 
tion, a hydrophilic oxidized film is formed on the surface of the substrate oy the oxidizing solution, and organic acids or 
organic substances adhered to the surface of the substrate are decomposed and removed without complexing metal 
impurities. By the formation of the oxidized film, attachment of fine particles in air to the surface of the substrate pulled 
up from the oxidizing solution can be prevented. 

55 An invention relating to Claim 9 is an invention according to Claim 8, and is a method of washing a semiconductor 
substrate wherein the first washing step and the second washing step are each carried out at least twice. 

By repeating the first washing step and the second washing step, the surface of the substrate can be more cleaned. 
An invention according to Claim 10 is an invention relating to Claim 8 or 9, and is a method of washing a semicon- 
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ductor substrate wherein the mixed solution of the first washing step contains 0.0001 to 0.1 % by weight of an organic 
acid and 0.005 to 0.25 % by weight of hydrofluoric acid. 

in order to sufficiently complex metal ions which are impurities of organic acids and to prevent fine particles from 
adhering to the substrate again, an organic acid and hydrofluoric acid in the above-mentioned concentration ranges are 
5 preferred. 

An invention according to Claim 11 is an invention relating to Claim 8 or 10, and is a method of washing a semicon- 
ductor substrate wherein the organic acid is one or more organic acid selected from the group consisting of citric acid, 
succinic acid, EDTA, tartaric acid, salicylic acid, oxalic acid, acetic acid and formic acid. 

The above-mentioned organic acids enumerated have a complexing action of metal ions which are impurities con- 
to taminating the substrate. 

An invention according to Claim 12 is an invention relating to Claim 8 or 9, and is a method of washing a semicon- 
ductor substrate wherein the semiconductor substrate is subjected to ultrasonic washing with the mixed solution of the 
first washing step. 

By carrying out ultrasonic washing, fine particles can be more firmly removed from the surface of the substrate. 
15 An invention according to Claim 1 3 is an invention relating to Claim 8 or 9, and is a method of washing a semi-con- 
ductor substrate wherein the oxidizing solution of the second washing step is a dissolved ozone aqueous solution, 
hydrogen peroxide solution or nitric acid. 

The enumerated oxidizing solutions as mentioned above have actions of forming an oxidizing film at the surface of 
the substrate and of decomposing and removing organic acids or organic substances adhered to the surface of the sub- 
20 strate. 

In the washing solution of the present invention, a kind of an organic acid and a concentration thereof are deter- 
mined depending on the kind of metal impurities to be removed. pH of the washing solution is 2 to 4. A concentration 
of the organic acid in the washing solution is 0.0001 to 0.1 % by weight, preferably 0.003 to 0.006 % by weight. If it is 
less than 0.0001 % by weight, a complexing action of metal impurity ions liberated from the surface of the substrate is 
25 not sufficient, while if it exceeds 0. 1 % by weight, there is a disadvantage that an amount of fine particles adhered again 
will increase. 

As the organic acid of the present invention, in addition to citric acid, succinic acid, EDTA, suitable for the present 
invention are tartaric acid, salicylic acid, oxalic acid, acetic acid, formic acid and the like. One or more kinds of acids are 
optionally selected from the above-mentioned organic acids depending on the metal elements constituting the metal 
30 impurities. 

Also, when hydrofluoric acid is contained in the washing solution, a concentration of the hydrofluoric acid is 0.005 
to 0.25 % by weight. Particularly in the range of 0.005 to 0.10 % by weight is preferred and 0.05 to 0. 1 % by weight is 
more preferred. If it is less than 0.005 % by weight, peeling effect of a naturally oxidized film on the surface of the sem- 
iconductor substrate is poor, while if it exceeds 0.25 % by weight, the washing solution becomes a strong acid with pH 
35 of less than 2, whereby dissociation of the organic acid in the washing solution is prevented so that its complexing action 
is lowered, and also, the surface potentials of the fine particles becomes plus so that fine particles adhere again to the 
surface of the substrate. 

When light is irradiated at the washing, a wavelength of light to be irradiated to the semiconductor substrate is at 
least 500 nm, preferably 400 to 900 nm, more preferably 600 to 700 nm. If it is less than 500 nm, a photocatalytic effect 

40 near to the surface of the semiconductor substrate is weak and the organic acid is not to be reduced and dissociated. 
Further, the higher the intensity of illumination of light is, the larger the irradiated dose is, so that the amount of bringing 
carriers into existence becomes large and reduction and dissociation of the organic acid are promoted. According the 
above, it can be considered that a complex ion-forming ability is improved and an effect of removing metal impurities 
near to the surface of the substrate is heightened. 

45 In the invention according to Claim 8, the mixed solution of the first washing step is preferably a washing solution 
relating to Claim 1 . As the oxidizing solution of the second washing step, there may be mentioned a dissolved ozone 
aqueous solution, hydrogen peroxide solution or nitric acid. Among them, the dissolved ozone aqueous solution is pre- 
ferred since it is high purity, high oxidizing power with a low concentration and easily available. An ozone concentration 
of the dissolved ozone aqueous solution is preferably 0.5 ppm or more. If it is less than 0.5 ppm, it is difficult to form a 

so hydrophilic oxidized film on the surface of the substrate, and decomposition and removal effects of organic acids or 
organic substances adhered to the surface of the substrate are lowered. Since a dissolution limit of ozone to pure water 
is about 25 ppm, the ozone concentration of the dissolved ozone aqueous solution is more preferably 5 to 25 ppm. 

Next, a phenomenon in which metal impurities adheres to a semiconductor substrate represented by a silicon wafer 
and deposited thereon when the substrate is washed with hydrofluoric acid, and a phenomenon in which metal impuri- 

55 ties adheres to the substrate and deposited thereon when the substrate is washed with hydrofluoric acid and an organic 
acid are explained. 
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(a) A phenomenon in which metal impurities adheres to a substrate and deposited thereon when the substrate is 
washed with hydrofluoric acid 

When a metal ion is contained in a solution which does not etch the surface of a wafer and metal impurities in the 
5 solution adheres to the surface of a wafer, the metals adhering to the surface can be classified into two kinds one of 
which is an element which easily forms a silicide and the other is an element which easily forms a silicate. As the ele- 
ment easily forming a silicide, there may be mentioned Cu, Ni and the like which easily bind to silicon and as the ele- 
ment easily forming a silicate, there may be mentioned Fe. Al, Zn and the like which easily bind to a silicon oxide. For 
example, when a silicon wafer is washed with a high concentration hydrofluoric acid, a naturally oxidized film on the sur- 
10 face of the wafer is removed and about 90 % of the surface of the wafer is terminated by hydrogen atom. According to 
the above, a surface potential of the wafer is lowered and Cu, Ni, etc. which easily form a silicide accept an electron 
from the surface of the wafer to adhere to the surface of the wafer. Easiness of transfer the electron to an ion species 
such as a Cu ion, etc. from the surface of the wafer depends on an interfacial level in the solution. In the above-men- 
tioned state, it can be considered that the interfacial level thereof is in the state near to that of the silicon wafer and elec- 
ts trons transfer through an electron transitional step so that this kind of a metal ion transfers to the surface of the wafer. 

To the contrary, when a silicon wafer is washed with a low concentration hydrofluoric acid, an etching ability of the 
naturally oxidized film is lowered and a ratio of the naturally oxidized film remained at the surface of the wafer becomes 
large so that Fe, Al, Zn, etc. which easily form a silicate adhere to the surface of the wafer. In this state, interfacial levels 
are markedly apart from each other between the metal species to be adhered and the surface of the wafer whereby no 
20 transitional step of electrons as mentioned above does occur easily. In Fe ion, etc., an energy gap to go over in case 
where an oxide is formed by binding with oxygen is lower than that of directly binding with silicon. Thus, it can be con- 
sidered that Fe ion, etc. would belong to chemical reaction system depending on both of contact frequencies of the Fe 
ion and a silicon oxide compound. 

25 (b) A phenomenon in which metal impurities adheres to a substrate and deposited thereon when the substrate is 
washed with hydrofluoric acid and an organic acid 

When a mixed solution of hydrofluoric acid and an organic acid is made a washing solution, adhesion and deposi- 
tion phenomenon of the metal can be considered to be a complex system of the above-mentioned (a) as a base. That 

30 is, depending on how much amounts of hydrofluoric acid and an organic acid is present in the washing solution, the 
above-mentioned adhesion and deposition phenomenon will change. As a factor to determine the adhesion phenome- 
non, there are dissociation constant or ionization constant of the acid. When the constant is large, much amounts of 
protons are released and ion species of the acid increase. In the mixed system of hydrofluoric acid and an organic acid, 
it can be considered that an acid having a larger dissociation constant will be more predominantly dissociated. 

35 When the respective first dissociation constants of hydrofluoric acid and various kinds of organic acids are 
arranged in order of size, the results are the following formula (1). 

Oxalic acid > EDTA > tartaric acid > citric acid = hydrofluoric acid > succinic acid > acetic acid (1) 

40 In the washing solution in which hydrofluoric acid and an organic acid are mixed of the present invention, whereas 
it has not yet been clarified sufficiently that how the adhesion and deposition phenomenon of metals changes by chang- 
ing a kind of the organic acid or the concentration of hydrofluoric acid from the above-mentioned formula (1), it can be 
estimated as mentioned below. 

45 (i) In case of a washing solution containing oxalic acid, EDTA or tartaric acid and hydrofluoric acid \ 

When a silicon wafer contaminated by metal impurities is washed with an organic acid having a larger acid disso- 
ciation constant than that of hydrofluoric acid and hydrofluoric acid, dissociation of the organic acid predominantly occur 
and hydrofluoric acid does not dissociate than the case where it exists alone whereby it easily remaining the washing 

so solution as an HF molecule. Thus, silicon oxide is decomposed by a chemical reaction with the HF molecule so that the 
surface of the wafer is terminated by hydrogen atoms. When an amount of the HF molecules is large, in other words, 
when the concentration of hydrofluoric acid is high, the naturally oxidized film can be removed and a metal which easily 
forms a silicide such as Cu will be easily adhered and deposited. However, decrease in an adsorbed amount accompa- 
nied by increase in an amount of the organic acid is based on a coordination effect of an organic acid ion. On the other 

55 hand, a metal which easily forms a silicate such as Fe becomes difficultly adhered and deposited. The metal such as 
Fe becomes easily formable of a complex ion due to increase in the concentration of the organic acid and an amount 
of deposit is lowered. 
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(ii) In case of a washing solution containing succinic acid or acetic acid and hydrofluoric acid 

When a silicon wafer contaminated by metal impurities is washed with an organic acid having a smaller acid disso- 
ciation constant than that of hydrofluoric acid and hydrofluoric acid, dissociation of hydrofluoric acid is strong so that it 

s can hardly be remained as a HF molecule and an etching ability of the naturally oxidized film is lowered. Thus, the nat- 
urally oxidized film is remained and when the concentration of hydrofluoric acid becomes high, a metal which easily 
forms a silicide such as Cu becomes to be difficultly adhered and deposited. On the other hand, a metal which easily 
forms a silicate such as Fe becomes to be easily adhered and deposited. However, a metal such as Fe easily forms a 
complex ion due to increase in the concentration of the organic acid so that an adhered amount to the surface of a wafer 

w is lowered. 

(iii) In case of a washing solution containing citric acid and hydrofluoric acid 

Since there is substantially no difference in dissociation ability between citric acid and hydrofluoric acid, an acid 
15 with a higher concentration among the citric acid and the hydrofluoric acid dominates the system. That is, when the con- 
centration of hydrofluoric acid is lower than that of the citric acid, citric acid becomes dominant so that hydrofluoric acid 
becomes to be difficultly dissociated and easily remained as an HF molecule. Thereby the naturally oxidized film is 
removed and a metal which easily forms a silicide such as Cu becomes to be easily adhered and deposited. To the con- 
trary, when the concentration of hydrofluoric acid becomes higher than that of the hydrofluoric acid, dissociation of 
20 hydrofluoric acid dominates the system. However, an amount of HF molecules which are not dissociated is also 
increased so that the naturally oxidized film is removed and a metal which easily forms a silicide such as Cu becomes 
to be easily adhered and deposited. On the other hand, a metal which easily forms a silicate such as Fe also becomes 
to be easily adhered and deposited. However, the metal such as Fe becomes to be easily formed due to increase in the 
concentration of the organic acid and an adhered amount to the surface of the wafer is lowered. 

25 

(EXAMPLES) 

Next, the present invention is explained in detail by referring to Examples and Comparative examples which do not 
limit the scope of the present invention. 

30 

(Examples 1 to 9) 

As shown in Table 1 , as an organic acid, 0.0006 % by weight, 0.006 % by weight and 0.06 % by weight of citric acids 
were mixed with pure water, respectively. To a citric acid aqueous solution containing 0.0006 % by weight of the acid 

35 were added 0.005 % by weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare 
washing solutions. Also, to a citric acid aqueous solution containing 0.006 % by weight of the acid were added 0.005 % 
by weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing solutions. Fur- 
ther, to a citric acid aqueous solution containing 0.06 % by weight of the acid were added 0.005 % by weight, 0.05 % 
by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing solutions. pH of the respective 

40 washing solutions are shown in Table 4. 

(Examples 10 to 15) 

As shown in Table 1, as an organic acid, 0.00003 % by weight and 0.003 % by weight of succinic acids were mixed 
45 with pure water, respectively. To a succinic acid aqueous solution containing 0.00003 % by weight of the acid were 
added 0.005 % by weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing 
solutions. Also, to a succinic acid aqueous solution containing 0.003 % by weight of the acid were added 0.005 % by 
weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing solutions. pH of 
the respective washing solutions are shown in Table 4. 

50 

(Examples 16 to 21 > 

As shown in Table 2, as an organic acid, 0.00008 % by weight and 0 0008 % by weight of ethyl enediaminetetraace- 
tic acids (EDTA) were mixed with pure water, respectively. To an EDTA aqueous solution containing 0.00008 % by 
55 weight of the acid were added 0.005 % by weight, 0.05 % by weight and 0 25 % by weight of hydrofluoric acid, respec- 
tively, to prepare washing solutions. Also, to an EDTA aqueous solution containing 0.0008 % by weight of the acid were 
added 0.005 % by .weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing 
solutions. pH of the respective washing solutions are shown in Table 4. 



7 



8NSDOCID: <EP 0859404A2_L> 



EP 0 859 404 A2 



(Examples 22 to 27) 

As shown in Table 2 ( as an organic acid, 0.0003 % by weight and 0.003 % by weight of tartaric acids were mixed 
with pure water, respectively. To a tartaric acid aqueous solution containing 0.0003 % by weight of the acid were added 
5 0.005 % by weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing solu- 
tions. Also, to a tartaric acid aqueous solution containing 0.003 % by weight of the acid were added 0.005 % by weight, 
0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing solutions. pH of the 
respective washing solutions are shown in Table 4. 

w (Examples 28 to 36) 

As shown in Table 3 t as an organic acid, 0.00027 % by weight, 0.0027 % by weight and 0.027 % by weight of oxalic 
acids were mixed with pure water, respectively. To an oxalic acid aqueous solution containing 0.00027 % by weight of 
the acid were added 0.005 % by weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to 
15 prepare washing solutions. Also, to an oxalic acid aqueous solution containing 0.0027 % by weight of the acid were 
added 0.005 % by weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing 
solutions. Further, to an oxalic acid aqueous solution containing 0.027 % by weight of the acid were added 0.005 % by 
weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing solutions. pH of 
the respective washing solutions are shown in Table 5. 

20 

(Examples 37 to 42) 

As shown in Table 3, as an organic acid, 0.00018 % by weight and 0.018 % by weight of acetic acids were mixed 
with pure water, respectively. To an acetic acid aqueous solution containing 0.0001 8 % by weight of the acid were added 

25 0.005 % by weight, 0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing solu- 
tions. Also, to an acetic acid aqueous solution containing 0.01 8 % by weight of the acid were added 0.005 % by weight, 
0.05 % by weight and 0.25 % by weight of hydrofluoric acid, respectively, to prepare washing solutions. pH of the 
respective washing solutions are shown in Table 5. 

To these washing solution at room temperature were compulsory added five metal ions of Fe, Ni, Cu, Zn and Al in 

30 amounts of each 100 ppb and polystyrene latex particles with a particle size of 0.294 in an amount of 8000 parti- 
cles/0.1 ml. The above-mentioned metal concentrations are about 1000-folds or more as compared with the metal con- 
centrations contained in a usual solution. On the other hand, a silicon wafer cleaned with an SC1 solution (a mixed 
solution of H 2 O:H 2 O 2 (30%):NH 4 OH(29%)=5:1:0.25) was prepared and the silicon wafer was immersed in the above- 
mentioned washing solutions for 10 minutes. Subsequently, the wafer was rinsed by ultrapure water for 10 minutes and 

35 water drops on the surface of the wafer were removed by centrifugal force to dry the wafer. 

According to the above procedure, peeling. off of a naturally oxidized film on the surface of the wafer, complexing 
ions of metal impurities and control of each surface potential of the wafer, fine particles and metal impurities were car- 
ried out as mentioned above to clean the silicon wafer. 

40 (Comparative example 1 ) 

The conventional RCA washing method is made Comparative example 1 . That is, in an SC1 solution (a mixed solu- 
tion of H2O:H 2 O2(30%):NH 4 OH(29%)=5:1:1) to which the same metal ions and fine particles used in Examples were 
added with the same amounts, a silicon wafer cleaned by another SC1 solution was immersed, heated to 75 to 80 °C 
45 and maintained at 80 °C for 10 minutes. After this silicon wafer was rinsed by ultrapure water, the wafer was immersed 
in a mixed solution of H 2 O:HF(49%)=50:1 for 15 seconds and further rinsed by ultrapure water. Subsequently, the 
rinsed silicon wafer was immersed in an SC2 solution (a mixed solution of H 2 O:H 2 O 2 (30%):HCl(37%)=6:1:1), heated 
to 75 to 80 °C and maintained at 80 °C for 10 minutes. Thereafter, the silicon wafer was rinsed by ultrapure water in the 
same manner as in above-mentioned Examples and dried. 

50 

(Comparative example 2 ) 

A washing solution was prepared by adding 1 % by weight of hydrofluoric acid to a solution prepared by mixing 
0.005 % by weight of ethylenediaminetetraacetic acid as an organic acid with pure water and pH of the solution was 
55 adjusted to 1 . To the washing solution were added metal ions and fine particles which are similar to those used in Exam- 
ples with the same amounts, and then a silicon wafer was immersed in the washing solution for 10 minutes. Thereafter, 
the silicon wafer was rinsed by ultrapure water in the same manner as in the above-mentioned Examples and dried. 
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(Comparative example 3 > 

A washing solution was prepared by adding 0.05 % by weight of hydrofluoric acid to pure water. To the washing 
solution were added metal ions and fine particles which are similar to those used in Examples with the same amounts, 
5 and then a silicon wafer was immersed in the washing solution for 10 minutes. Thereafter, the silicon wafer was rinsed 
by ultrapure water in the same manner as in the above-mentioned Examples and dried. 

(Comparative example 4 ) 

w A washing solution was prepared by adding 0.25 % by weight of hydrofluoric acid to pure water. To the washing 
solution were added metal ions and fine particles which are similar to those used in Examples with the same amounts, 
and then a silicon wafer was immersed in the washing solution for 10 minutes. Thereafter, the silicon wafer was rinsed 
by ultrapure water in the same manner as in the above-mentioned Examples and dried. 

15 (Comparative test and evaluation > 

(a) Metal impurities concentrations 

Metal impurities concentrations were measured on the surface of the silicon wafers after washing them with wash- 
20 ing solutions prepared in Examples 1 to4, 7to11, 14, 15, 17, 18,21 to 23, 26 to 29, 31 , 34, 35, 37 to 42 and Compar- 
ative example 1. These metal impurities concentrations were measured by dropping a mixed acid of hydrofluoric acid 
and nitric acid to the center portion of the silicon wafer after washing, and after developing liquid drops to cover the 
whole surface of the silicon wafer, and recovering the liquid drops to analyze them by atomic-absorption spectroscopy. 
The results are shown in Table 1 to Table 3. 
25 From Table 1 to Table 3, adhesion and deposition phenomenon of metals of the above-mentioned (i) to (iii) were 
confirmed. 

(b) Relatively increased amount of particles 

30 The number of remained particles on the surface of the respective wafers after washing them with each of washing 
solutions prepared in Examples 1, 4, 7 P 12, 15, 18, 20. 22, 24, 26, 31 and Comparative examples 1 to 4 was measured. 
The number of remained particles was measured by counting particles with a particle size of 0.2 |im or more remained 
on the surface of the silicon wafer after washing with a particle counter. The results are shown in Table 4 and Table 5. 
As clearly seen from Table 4 and Table 5, in each washing solution of the above-mentioned Examples and Com- 

35 parative example 1 , 8 to 78 particles are remained. To the contrary, in washing solutions of Comparative examples 2 to 
4, 218 to 2123 particles are remained. From the above results, it can be understood that the washing solutions of Exam- 
ples well wash out the particles as compared with those of Comparative examples 2 to 4. 
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Table 1 



20 





Hydrofluoric 
acid concen- 
tration (\Nt°/a\ 


Name of 
Organic 
acid 


Organic acid 

Concentra- 
tion fwt%^ 

UUI 1 ^ W l /Of 


Metal impurity concentration 










Fe 


Ni 


Zn 


Cu 


Al 


Example 


1 


0.005 


Oitrir ar-iri 

\-t 1 11 i\j ClvslvJ 


n nnofi 


4.5x 10 11 


<1 x 10 10 


<1 x 10 10 


4.3 x 10 14 


<1 x 10 10 




2 






n nnfi 


2.6x10 11 


<1 x 10 10 


<1 x 10 10 


2.6 x 10 14 


<1 x 10 10 




3 






0.06 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


6.2 x 10 12 


<1 x 10 10 




4 


0.05 




0 0006 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 




5 






0.006 


- 


- 


- 


- 


- 




6 






n ofi 


- 


- 


- 


- 


- 




7 


0.25 




n nnnfi 


<1 x 10 10 


<1 x 10 10 


<1 x10 10 


2.7 x 10 12 


<1 x 10 10 




8 






n nnfi 


<1 x 10 10 


<1 x 10 10 


<1 x10 10 


3.0 x10 12 


<1 x 10 10 




9 






n nfi 


<1 x 10 10 


<1 x 10 10 


<1 x10 10 


2.9 x 10 12 


<1 x 10 10 




10 


0.005 


Succinic 
acid 


0 00003 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


7.3 x10 11 


<1 x 10 10 




11 




0.003 


<1 x 10 10 


<1 x 10 10 


<1 x10 10 


1 x 10 12 


<1 x 10 10 




12 


0.05 




0.00003 














13 






0.003 














14 


0.25 




0.00003 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


1.5x 10 11 






15 






0.003 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


1 x 10 11 





Table 2 



45 



50 



55 





Hydrofluoric 
acid concen- 
tration (wt%) 


Name of 
Organic 
acid 


Organic acid 
concentra- 
tion (wt%) 


Metal impurity concentration 










Fe 


Ni 


Zn 


Cu 


Al 


Example 


16 


0.005 


EDTA 


0.00008 














17 






0.0008 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 




18 


0.05 




0.00008 














19 






0.0008 


2 x 10 10 


<1 x 10 10 


<1 x 10 10 


2x 10 10 


<1 x10 10 




20 


0.25 




0.00008 














21 






0.0008 


<1 x 10 10 


<1 x 10 10 


<1 x10 10 


4x 10 11 


<1 x 10 10 




22 


0.005 


Tartaric 
acid 


0.0003 


<1 x 10 10 


<1 x10 10 


<1 x10 10 


1.1 x10 13 


<1 x 10 10 




23 




0.003 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


7.7 x 10 12 


<1 x 10 10 




24 


0.05 




0.0003 














25 






0.003 














26 


0.25 




0.0003 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


1.8x 10 12 


<1 x 10 10 




27 






0.003 


<1 x 10 10 


<1 x10 10 


<1 x 10 10 


4.3 x10 11 


<1 x 10 10 



10 



EP 0 859 404 A2 



Table 3 





Hydrofluoric 
acid concen- 
tration (wt%) 


Name of 
Organic 
acid 


Organic acid 
concentra- 
tion (wt%) 


Metal impurity concentration 










Fe 


Ni 


Zn 


Cu 


Al 


Example 


28 


0.005 


Oxalic 


0.00027 


- 


- 


- 


4.5x10 11 


<1 x 10 10 




29 




acid 


0.0027 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 




30 






0.027 


- 


- 


- 


- 


- 




31 


0.05 




0.00027 


- 


- 


- 


1.6x10 13 


1.2x10 10 




32 






0.0027 


- 


- 


- 


- 


- 




33 






0.027 


- 


- 


- 


- 


- 




34 


0.25 




0.00027 


2.6 10 10 


X <1 x 
1 u 


<1 x 10 10 


4.8x10 13 


<1 x 10 10 




35 






0.0027 


- 


<1 x 10 10 


<1 x 10 10 


4.3 x 10 12 


<1 x 10 10 




36 






0.027 














37 


0.005 


Acetic 


0.00018 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


9x 10 12 


4.9 x10 10 




38 




acid 


0.018 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


1.5x10 12 


<1 x 10 10 




39 


0.05 




0.00018 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


5.2 x10 11 


1.3x10 10 




40 






0.018 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


4.7x10 11 


1 x10 10 




41 


0.25 




0.00018 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


1.1 x10 12 


<1 x10 10 




42 






0.018 


<1 x 10 10 


<1 x 10 10 


<1 x 10 10 


5.4x10 11 


<1 x 10 10 


Compar- 
ative 
example 


1 


(RCR Washing) 


<1 x10 10 


<1 x 10 10 


<1 x 10 10 


1.5x10 11 


4.0 x10 10 
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Table 4 



5 






Hydrofluoric acid 
concentration (wt%) 


Name of organic acid 


Organic acid con- 
centration (wt%) 


PH 


Adhered number of 
particles having 0.2 
urn nr mnr^ 

Lll 1 1 Ul 1 1 IUI 6 






1 


n oos 


Will IU ClV^IU 


n noofi 


ft 0 

o.u 


12 






2 






o nnfi 


P 9 




10 




3 






0 Ofi 


P 3 

£..U 








4 


0 OS 

U. UvJ 




0 OOOfi 
u . uuuu 


p ft 


1S 






5 






0,006 


2.4 




15 




6 






0.06 


2.2 








7 


0 PS 




o ooofi 


P 0 








ft 






0 OOfi 


P 0 




20 




Q 






0 OR 


P 0 






10 

1 u 


0 oos 

U.UUO 


OL1UUII HU dUlU 


0 0000ft 


ft P 








1 1 






0.003 


3.2 








1P 


0 OS 




0 0000ft 
u.uuuuo 


P 7 


S1 


25 




1ft 






0 00ft 


ft 4 








1 4 

I H" 


n ps 




o ooooft 


P 0 

t.U 








1 s 






o ooft 

U.UUO 


P 0 


7P 


30 




1fi 


n oos 


FDTA 


n ooooft 


ft ■! 






■| 7 






n oooft 










18 


0.05 




0 00008 
u.uuuuo 


2.4 


3 






1 C7 






0 000ft 


P ft 




35 




PO 

tU 


n ps 




0 0000ft 
u.uuuuo 


P 0 
t .u 


1ft 

1 u 






P1 






0 000ft 

U .UUUv^* 


P 0 








22 


0.005 


Tartaric: arid 


0 0003 


3.1 


49 


40 




23 






0.003 


2.4 






24 


0.05 




0.0003 


2.8 


41 






25 






0.003 


2.1 








26 


0.25 




0.0003 


2.0 


78 


45 




27 






0.003 


2.0 
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Table 5 



35 







Hydrofluoric 
acid concentra- 
tion (wt%) 


Name of 
organic acid 


Organic acid 
concentration 
(wt%) 


pH 


Adhered 
number of parti- 
cles having 0.2 
ju.m or more 




28 


0.005 


Oxalic acid 


0.00027 


3.0 






29 






0.0027 


2.6 






30 






0.027 


2.0 






31 


0.05 




0 00027 

W* WWW Kim 1 


2.9 


43 




32 






0.0027 


2.7 






33 






0.027 


2.4 






34 


0.25 




0.00027 


2.0 






35 






0.0027 


2.0 






36 






0.027 


2.0 






37 


0.005 


Succinic acid 

WWWVM HW Uvlw 


0 00018 

W< W^WW 1 \J 


3.1 






38 






0.0018 


2.9 






39 


0.05 




0.00018 


2.9 






40 






0.0018 


2.8 






41 


0.25 




0.00018 


2.0 






42 






0.0018 


2.0 




Comparative 
example 


1 


(RCA washing) 




10 


2 


1.00 


EDTA 


0.005 


1.0 


2123 




3 


0.05 


None 






218 




4 


0.25 








1542 - 



(Example 43) 

First, Fe ion is added to an SC1 solution (a mixed solution of H 2 O:H 2 O2(30%):NH 4 OH(29%)=5:1 :0.25) in an 
40 amount of 100 ppb, and the mixture was raised to 80 °C. Then, a silicon wafer was immersed in the solution of 80 °C 
for 10 minutes, rinsed for 10 minutes and water drops on the surface of the wafer were removed and dried. 

On the other hand, a washing solution in which 0.006 % by weight of citric acid was added to pure water as an 
organic acid, having pH of 4.0 was prepared. The above-mentioned metal-contaminated silicon wafer was immersed in 
the washing solution at room temperature for 10 minutes, and irradiated light having an intensity of illumination of 
45 1 00,000 lux and a wavelength of 500 nm to the surface of the silicon wafer. Thereafter, this silicon wafer was rinsed with 
ultrapure water for 10 minutes. According to the above procedure, peeling off of a naturally oxidized film on the surface 
of the wafer, complexing ions of metal impurities and control of each surface potential of the wafer, fine particles and 
metal impurities were carried out as mentioned above to clean the silicon wafer. 

so (Example 44) 

In the same manner as in Example 43 except for changing the wavelength of the light to be irradiated to 550 nm, a 
silicon wafer was washed. 

55 (Example 45 > 

In the same manner as in Example 43 except for changing the wavelength of the light to be irradiated to 600 nm, a 
silicon wafer was washed. 
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(Example 46) 

In the same manner as in Example 43 except for changing the wavelength of the light to be irradiated to 650 nm, a 
silicon wafer was washed. 

5 

(Comparative example 5) 

In the same manner as in Example 43 except for no light is irradiated, a silicon wafer was washed. 

w (Comparative example 6) 

In the same manner as in Example 43 except for changing the wavelength of the light to be irradiated to 450 nm, a 
silicon wafer was washed. 

Fe concentrations on the surfaces of the silicon wafers of Examples 43 to 46 and Comparative examples 5 and 6 
is after washing were examined. These metal impurities concentrations were measured by dropping a mixed acid of 
hydrofluoric acid and nitric acid to the center portion of the silicon wafer after washing, and after developing liquid drops 
to cover the whole surface of the silicon wafer, and recovering the liquid drops to analyze them by atomic-absorption 
spectroscopy. The results are shown in Fig. 4. 

As can be clearly seen from Fig. 4, when a wavelength of irradiated light is made 500 nm or more as in Examples 
20 43 to 46, it can be understood that Fe concentrations became about one order smaller than those of Comparative 
examples 5 and 6. 

(Example 47) 

25 A silicon wafer to the surface of which is adhered five metal of Al, Fe, Cu, Ni and Zn previously was prepared by the 
following method. First, to a SC1 solution (a mixed solution of H 2 O:H 2 O2(30%):NH 4 OH(29%)=5:1 :0.25) was compulso- 
rily added five metal ions of Al, Fe, Cu, Ni and Zn in amounts of each 100 ppb. This solution was raised to 80 °C, and 
after immersing the silicon wafer in the solution at 80 °C for 10 minutes, the wafer was rinsed for 10 minutes, then it was 
rinsed and water drops on the surface of the wafer were removed by centrifugal force and dried. 

30 As the first washing step, a mixed solution was prepared by adding 0.05 % by weight of hydrofluoric acid to a solu- 
tion in which 0.006 % by weight of citric acid was added to pure water as an organic acid, and adjusted to pH 3.0 was 
prepared. In the mixed solution at room temperature was immersed the silicon wafer contaminated by the above-men- 
tioned metal impurities and then washed under ultrasonic wave for 10 minutes. Thereafter, this silicon wafer was rinsed 
with ultrapure water for 10 minutes. 

35 Next, as the second washing step, this washed silicon wafer was immersed in a dissolved ozone aqueous solution 
with an ozone concentration of 8 ppm for 10 minutes. Thereafter, this silicon wafer was rinsed with ultrapure water for 
10 minutes. 

Subsequently, after the silicon wafer was washed again with the above-mentioned first washing step, and then 
washed again with the above-mentioned second washing step. That is, the first washing step and the second washing 
40 step were each carried out twice, respectively. 

(Comparative example 7) 

The conventional RCA washing method is made Comparative example 7. That is, in the same manner as in Exam- 
45 pie 47, a silicon wafer contaminated with metal impurities was immersed in an SC1 solution (a mixed solution of 
H 2 0:H 2 0 2 (30%):NH 4 OH(29%)=5:1 :1 ), heated to 75 to 80 °C and maintained at 80 °C for 10 minutes. After the silicon 
wafer was rinsed by ultrapure water, it was immersed in a mixed solution of H 2 O:HF(49%)=50:1 for 15 seconds, and 
further rinsed by ultrapure water. Subsequently, the silicon wafer rinsed was immersed in an SC2 solution (a mixed 
solution of H 2 O:H 2 O 2 (30%):HCI(37%)=6:1 :1), heated to 75 to 80 °C and maintained at 80 °C for 10 minutes. Thereafter, 
so the silicon wafer was rinsed by ultrapure water in the same manner as in Example 47. 

After this silicon wafer was washed again with the SC1 solution as mentioned above, it was further washed again 
with the SC2 solution as mentioned above. That is, washing with the SC1 solution and washing with the SC2 solution 
were carried out each twice. 

55 (Comparative test and evaluation ) 

Metal impurities concentrations on each surface of the respective silicon wafers after washing of Example 47 and 
Comparative example 7 were measured. This metal impurities concentrations were measured by dropping a mixed acid 
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of hydrofluoric acid and nitric acid to the center portion of the silicon wafer after washing, and after developing liquid 
drops to cover the whole surface of the silicon wafer, and recovering the liquid drops to analyze them by atomic-absorp- 
tion spectroscopy. The results are shown in Fig. 5. As clearly seen from Fig. 5, it can be found that, in the wafer of Exam- 
ple 47, except for Ni concentration which was the same level, there are good washing effects with regard to the other 

5 five kinds of metals with the order of one digit as compared with the wafer of Comparative example 7 according to the 
conventional RCA washing method. Particularly, four kinds of metals of Al, Fe, Ni and Zn were each 10 x 10 s atoms/cm 2 
or less. Incidentally, an arrow to downward of Fe and Ni means lower than detection limit. 

As described above, according to the washing method of Claim 3, three actions of peeling a naturally oxidized film 
on the surface of the substrate, complex ionization of metal impurities, and control of each surface potential of the sub- 

10 strate, fine particles and metal impurities can be carried out with a single bath, and both of metal impurities and fine 
particles can be well removed from the semiconductor substrate. As the results, as compared with the conventional 
RCA washing method, washing steps can be simplified, chemical solutions for washing are only two kinds of hydrofluo- 
ric acid and an organic acid, washing can be carried out within a short period of time with a small-sized apparatus and 
a washing cost can be reduced. 

15 Also, according to the washing method of the invention relating to Claim 5 or 6, the photoirradiation brings minority 
carrier into existence near to the substrate surface, which reduces and dissociates an organic acid in the washing solu- 
tion to make metal impurities into metal complex salts whereby an effect of removing metal impurities near to the sur- 
face of the substrate can be heightened. Chemical solution for washing is only one kind of an organic acid alone, or two 
kinds of hydrofluoric acid and an organic acid. 

20 . Further, according to the washing method of the invention relating to Claim 8, three actions of peeling a naturally 
oxidized film on the surface of the substrate, complex ionization of metal impurities, and control of each surface poten- 
tial of the substrate, fine particles and metal impurities can be carried out in the first washing step to remove both of 
metal impurities and fine particles well from the semiconductor substrate, and then, in the second step, an oxidized film 
is formed on the surface of the substrate and simultaneously an organic acid or an organic material adhered to the sur- 

25 face of the substrate is decomposed and removed. Thus, as compared with the conventional RCA washing method, 
both of metal impurities and fine particles can be well removed, and chemical solutions for washing may be only three 
kinds of hydrofluoric acid solution and an oxidizing solution. 

Claims 

30 

1. A washing solution of a semiconductor substrate comprising 0.0001 to 0.1 % by weight of an organic acid and 
0.005 to 0.25 % by weight of hydrofluoric acid and having pH of 2 to 4. 

2. The washing solution of a semiconductor substrate according to Claim 1 , wherein said organic acid is one or more 
35 organic acid selected from the group consisting of citric acid, succinic acid, ethyienediaminetetraacetic acid, tar- 
taric acid, salicylic acid, oxalic acid, acetic acid and formic acid. 

3. A method of washing a semiconductor substrate which comprises washing a semiconductor substrate with a wash- 
ing solution containing 0.0001 to 0.1 % by weight of an organic acid and 0.005 to 0.25 % by weight of hydrofluoric 

40 acid and having pH of 2 to 4. 

4. The method of washing a semiconductor substrate according to Claim 3, wherein the organic acid is one or more 
organic acid selected from the group consisting of citric acid, succinic acid, EDTA, tartaric acid, salicylic acid, oxalic 
acid, acetic acid and formic acid. 

45 

5. A method of washing a semiconductor substrate which comprises washing a semiconductor substrate with a wash- 
ing solution containing 0.0001 to 0.1 % by weight of an organic acid and having pH of 2 to 4 while irradiating light 
with a wavelength of at least 500 nm. 

so 6. A method of washing a semiconductor substrate which comprises washing a semiconductor substrate with a wash- 
ing solution containing 0.0001 to 0.1 % by weight of an organic acid and 0.005 to 0.25 % by weight of hydrofluoric 
acid and having pH of 2 to 4 while irradiating light with a wavelength of at least 500 nm. 

7. The method of washing a semiconductor substrate according to Claim 5 or 6, wherein the organic acid is one or 
55 more organic acid selected from the group consisting of citric acid, succinic acid, EDTA, tartaric acid, salicylic acid, 

oxalic acid, acetic acid and formic acid. 

8. A method of washing a semiconductor substrate which comprises 
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a first washing step of washing a semiconductor substrate with a mixed solution of an organic acid and 
hydrofluoric acid with pH of 2 to 4, and 

a second washing step of washing said semiconductor substrate with an oxidizing solution. 

9. The method of washing a semiconductor substrate according to Claim 8, wherein the first washing step and the 
second washing step are each carried out at least twice. 

10. A method of washing a semiconductor substrate according to Claim 8 or 9, wherein the mixed solution of the first 
washing step contains 0.0001 to 0.1 % by weight of an organic acid and 0.005 to 0.25 % by weight of hydrofluoric 
acid. 

11. The method of washing a semiconductor substrate according to Claim 8 or 10, wherein the organic acid is one or 
more organic acid selected from the group consisting of citric acid, succinic acid, EDTA, tartaric acid, salicylic acid, 
oxalic acid, acetic acid and formic acid. 

1 2. The method of washing a semiconductor substrate according to Claim 8 or 9, wherein the semiconductor substrate 
is subjected to ultrasonic washing with the mixed solution of the first washing step. 

1 3. The method of washing a semiconductor substrate according to Claim 8 or 9, wherein the oxidizing solution of the 
second washing step is a dissolved ozone aqueous solution, hydrogen peroxide solution or nitric acid. 
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